Abstract: Schiff bases derived from 4-aminoantipyrine and vanillin were evaluated for their potential as antibacterial agents against some Gram positive and Gram negative bacterial strains. The antibacterial activity was studied against P. pseudoalcaligenes ATCC 17440, P. vulgaris NCTC 8313, C. freundii ATCC 10787, E. aerogenes ATCC 13048, S. subfava NCIM 2178 and B. megaterium ATCC 9885. The determination of the antibacterial activity was done using the Agar Ditsh method. The Schiff bases produced were: (1) 4-(4-hy- 
INTRODUCTION
Schiff bases are characterized by the -N=CH-(imine) group which is important in elucidating the mechanism of transamination and racemisation reactions in biological systems. 1, 2 Due to the great flexibility and diverse structural aspects, a wide range of Schiff bases have been synthesized and their complexation behaviour studied. 3 They have been synthesized from a variety of compounds, such as amino thiazoles, 2-hydroxy-1-napthalaniline, amino sugars, aromatic aldehydes, isatin, the triazole ring, thiosemicarbazides, amino acids, pyrazolone, etc. [4] [5] [6] [7] [8] Literature survey shows that Schiff bases show bacteriostatic and bactericidal activity. 9 Antibacterial, antifungal, antitumor, anticancer activity has been reported and they are also active against a wide range of organisms, e.g. C. albicans, E. coli, S. aureus, B. polymyxa, P. viticola, etc. [10] [11] [12] Many Schiff bases are known to be medicinally important and are used to design medicinal compounds. [13] [14] The present paper describes the synthesis of some new Schiff bases from 4-aminoantipyrine and vanillin and reports on their antibacterial activity. The synthesized compounds were tested for antibacterial activity against Pseudomonas pseudoalcaligenes ATCC 17440, Proteus vulgaris NCTC 8313, Citrobacter freundii ATCC 10787, Enterobacter aerogenes ATCC 13048, Staphylococcus subfava NCIM 2871 and Bacillus megaterium ATCC 9885. The determination of antibacterial activity was done using the Agar Ditsh method. The antibacterial activity was evaluated in two solvents, dimethyl sulphoxide and N,N-dimethylformamide. Dimethyl sulphoxide (DMSO) is a versatile non-aqueous dipolar aprotic solvent having a dielectric constant of 46.6 (25°C) and a dipole moment of 3.9 D (25°C). It is a highly polar but aprotic solvent, which can mix very well with any liquid. It is also called a super solvent and exhibits quite interesting properties. N,N-Dimethylformamide (DMF) is a very good aprotic protophilic medium for organic and inorganic substances. 15 It is one of the most important solvents in analytical chemistry and for practical purposes. Its dielectric constant and dipole moment are 36.71 (25°C) and 3.86 D (25°C), respectively.
Considering the aforesaid, in the present paper, the synthesis of some Schiff bases, their structural determination by spectral analysis and their antimicrobial analysis are reported.
EXPERIMENTAL
The following Schiff bases were synthesized:
Synthesis of Schiff bases derived from 4-aminoantipyrine
To the required amount of aldehyde dissolved in 200 ml methanol was added 0.1 mol of amine and few drops of glacial acetic acid, which acts as a catalyst. The mixture was refluxed for 10-12 h at 70-80°C in a water bath. The resulting solution was cooled to room temperature, and then poured onto crushed ice with constant stirring. The precipitate was filtered off and washed with sodium bisulfite solution to remove the excess aldehyde. The product was crystallized from hot methanol and dried.
R-CHO + R'-NH 2 ®R-CH=N-R'
In this reaction, R'-NH 2 is 4-aminoantipyrine, and R is a given.
Synthesis of Schiff bases derived from vanillin
To 15.2 g of vanillin dissolved in 200 ml methanol were added 0.1 mol of the required aniline derivative and a few drops of glacial acetic acid. The mixture was refluxed for 10-12 h at 70-80°C. The mixture was then poured onto crushed ice with constant stirring, filtered and dried.
R-CHO + R'NH 2 ®R-CH=N-R'
In this reaction R is vanillin and R' is as indicated:
Test microorganisms
The bacterial strains studied are identified strains and were obtained from the National Chemical Laboratory (NCL), Pune, India. The investigated microorganisms were P. pseudoalcaligenes ATCC 17440, P. vulgaris NCTC 8313, C. freundii ATCC 10787, E. aerogenes ATCC 13048, S. subfava NCIM 2871 and B. megaterium ATCC 9885.
Preparation of the test compound
The compounds were dissolved at a concentration of 10 mg/ml in either of the two solvents (DMSO or DMF) in order to obtain a final concentration of 1 mg/0.1ml, 0.01mg. The synthesized Schiff bases are soluble only in DMF, 1,4-dioxane and DMSO.
From these solvents, two, i.e., DMSO and DMF, were selected for the present study.
Preparation of the plates and microbiological assays
A loop full of the given test strain was inoculated into 25ml of N-broth (Nutrient Broth) and incubated for 24 h in an incubator at 37°C in order to activate the bacterial strain. A petri-dish of 100 mm diameter was filled with 28-30 ml of Mueller Hinton Agar No.2 media. Inoculation was performed by the Pour-plate technique. 0.2 ml of the activated strain was inoculated into the media when it had reached a temperature of 40-45°C. The complete procedure of the ditch preparation was done in a laminar airflow to maintain strict sterile and aseptic condition. The media was allowed to solidify. After solidification of the media, a well was made in the media with the help of a cup-borer (0.85 cm) and then 0.1 ml of the synthetic compound (dissolved in DMSO/DMF) was inoculated into the well. Controls were performed (for each bacterial strain and each solvent), where 0.1 ml of the pure solvent was inoculated into the well. The plates were incubated for 24 h at 37°C. The inhibition zone formed by the compounds against the particular test bacterial strain determined the antibacterial activities of the synthetic compounds. The mean value obtained for three individual replicates was used to calculate the zone of growth inhibition of each sample. All the compounds had different antibacterial activity in vitro against the tested bacterial strains in different solvents. The controls were deducted from the tested compounds; their effect was noticeably different depending on the type of the solvent used. The antibacterial activity of the Schiff bases synthesized from 4-aminoantipyrine and vanillin against the Gram positive bacteria S. subfava and B. megaterium are shown in Fig. 1 . The inhibitory activity was greater in DMSO than in DMF. Of these Gram positive bacteria, S. subfava was more resistant to the synthesized compounds than B. megaterium. The compounds synthesized from 4-aminoantipyrine did not produce any inhibitory zone against S. subfava in either of the used solvents; while of the compounds synthesized from vanillin, only VY6 in both the solvents and VY7 in DMSO showed inhibitory activity. Considering the Gram positive B. megaterium, DMF was ineffective while almost all the compounds in DMSO produced inhibitory zones. The most active compounds were VY1, VY2 and VY6 followed by VY7 and VY3; the compounds VY4, VY5 and VY8 completely failed to inhibit this microorganism. These differences in the inhibitory activity are because of molecular diversity. In the present investigation, two central ligands were used. In VY1-VY4, the central ligand was 4-aminoantipyrine while in VY5-VY8 it was vanillin. All eight compounds had different side chains viz in VY1 it was vanillin, in VY2 it was benzaldehyde, in VY3 it was furfuraldehyde, in VY4 it was p-anisaldehyde, in VY5 it was p-anisidine, in VY6 it was 2,4-dimethylaniline, in VY7 it was a-naphthylamine and in VY8 it was sulphamethoxazole. From the above it can be concluded, that these two Gram positive bacteria were more inhibited when the central ligand was vanillin than when it was 4-aminoantipyrine. The side chains 2,4-dimethylaniline and alpha-naphthylamine are the best and the solvent DMSO is better than DMF. The interaction between the solvent and the Schiff base plays an important role in inhibiting these bacterial strains.
In vitro antibacterial evaluation of the eight synthesized compounds against P. pseudoalcaligenes and P. vulgaris are shown in Fig. 2 . All the compounds dissolved in DMF showed considerable inhibitory zones against P. pseudoalcaligenes. The compounds VY5-VY8 were more active than the compounds VY1-VY4. The compound VY8 was the only compound in DMSO which showed a high inhibition zone while all the other 7 compounds were ineffective in DMSO. An entirely different trend was observed with P. vulgaris. The compounds extracted in DMF did not inhibit this Gram negative bacteria. Also when dissolved in DMSO only VY8 showed a great inhibitory activity. Neither central ligands nor the attached side chains had a differential effect on P. pseudoalcaligenes, i.e., all produced almost same inhibitory activity, except VY8 in DMF, while only VY8 in DMSO could inhibit P. vulgaris, i.e., the sulphamethoxazole side chain with vanillin as the central ligand proved to be best for inhibiting this bacteria. The differential effect of the compounds dissolved in the employed polar solvents in inhibiting the Gram negative bacteria E. aerogenes and C. freundii are shown in Fig. 3 . The compounds VY1-VY4 irrespective of whether they were dissolved in DMF or DMSO did not produce any inhibitory zones against either of the bacteria. VY8 in DMF was the only Schiff base that showed inhibitory activity against C. freundii while compounds VY6-VY8 showed inhibitory activity against E. aerogenes when dissolved in DMSO. The other compounds did not inhibit either of the studied bacteria.
CONCLUSIONS
From the results given above, it can be concluded that vanillin is more effective than 4-aminoantipyrine and DMSO proved to be a better solvent than DMF. Of the side chains, 2,4-dimethylaniline and sulphamethoxazole are the best and can be used as leading molecules in drug design i.e. in inhibiting these medically important bacterial strains. p-Anisidine, p-anisaldehyde and furfuraldehyde as side chains did not produce any inhibitory activity. This once again proves the earlier conclusion that antibacterial activity is dependent on the molecular structure of the compound, the employed solvent and the bacterial strain under consideration. Such screening of various organic compounds and identifying the active agents is essential because the successful prediction of a lead molecule and drug-like properties at the onset of drug design will pay off later in drug development. 
